Aims: This study aimed to assess whether neutrophil gelatinase-associated lipocalin (NGAL) and fibroblast growth factor 23 (FGF23) could be reliable biomarkers for early diagnosis of contrastinduced nephropathy (CIN). Methods: 202 patients who underwent percutaneous coronary intervention (PCI) were included in the research. All subjects were divided into CIN group and non-CIN group. Serum NGAL and FGF23 were evaluated before and 0, 1, and 2 days after PCI. Serum levels of these two markers were compared intra-group and among groups. Receiver-operating characteristic (ROC) analysis and logistic regression models were conducted to assess the diagnostic performance of NGAL and FGF23 in detecting CIN. Results: When compared with baseline values, serum levels of both NGAL and FGF23 in all subjects increased after PCI, and the values peaked 1 day after PCI, but the changing was greater in CIN group. There were obvious differences between two groups in serum NGAL after 1, 2 days, and similar differences present in serum FGF23 after 1 day. ROC analysis showed that the area under the curve (AUC) of relative values (percent change from the baseline) in NGAL after 1 day was 0.899 (95% CI: 0.834-0.964, p ¼ .000), the optimum cutoff was 49% (sensitivity ¼ 80%, specificity ¼ 92.4%). And the AUC in FGF23 was 0.814 (95% CI: 0.733-0.894, p ¼ .000), the optimum cutoff was 20% (sensitivity ¼ 73.3%, specificity ¼ 87.6%). Both serum NGAL and serum FGF23 could improve the clinical models in identifying CIN. Conclusions: NGAL and FGF23 may have certain value in early diagnosis of CIN.
Introduction
Acute kidney injury (AKI) is a dangerous and frequently occurring disease and its morbidity is gradually increasing. A systematic review [1] containing 154 studies showed that the pooled incidence rates of AKI were 21.6% in adults (95% CI, 19.3-24.1) and 33.7% in children (95% CI, 26.9-41.3). Nowadays, decreased renal perfusion, nephrotoxic medications [2] and sepsis [3] are considered as main causes for AKI. Among of them, contrast, which is widely used in enhanced radiation technology and interventional techniques, has attracted much attention from clinical investigators. Contrastinduced nephropathy (CIN) is characterized by rapid loss of kidney function after contrast administration, and it not only prolongs hospitalization but also associates with increased mortality. Although sensitivity C-reactive protein (SCr) has been used to define CIN, it is not an ideal indicator because of its limited effects in early diagnosis of CIN. Furthermore, SCr levels may be susceptible to some factors such as age, muscle mass, catabolism, and so on.
Neutrophil gelatinase-associated lipocalin (NGAL) is a 25-KD protein which expresses markedly in injured epithelial cells, and plays a significant role in attenuating apoptosis and promoting proliferation [4] . Devarajan firstly discovered that NGAL mRNA expression increased in animal kidney when AKI occurred [5] . Subsequently, a series of research on AKI also revealed that NGAL levels were high in both serum and urine [4, 6, 7] . Fibroblast growth factor 23 (FGF23) produced in bone was considered as regulator of phosphate metabolism on the kidneys, and was found to be increased with nephropathy progression in CKD population [8, 9] . Existing studies also showed that circulating FGF23 rapidly increased after AKI in the context of rhabdomyolysis, use of folic acid, cardiac surgery and intensive care units [10] [11] [12] [13] . Based on above research background, we suspect serum NGAL and FGF23 may be elevated in cases of CIN.
In order to explore clinical significance of serum NGAL and FGF23 for early diagnosis of CIN, the study focused on serum levels of these two markers at various time-points in patients undergoing PCI, and found out the optimal diagnostic model for CIN.
Materials and methods

Study population
The study was performed on 202 patients who underwent PCI due to coronary heart disease (CHD) from April 2015 to September 2015 in Xiangya Hospital of Central South University. The exclusion criteria were listed as follows: patients who use nephrotoxic drugs, diuretics or biguanides in perioperative period; patients with other contrast exposure within 2 weeks; patients with malignancy, acute and chronic infection uncontrolled, serious liver and pulmonary disease or severe kidney disfunction (estimated glomerular filtration rate (eGFR) <30 mL/min/1.73 m 2 ); patients with instability hemodynamics. The investigation was approved by local institutional ethics committee (IRB approval number 201412444). Informed consent was received from all subjects before the procedure.
Study design
Related data of all patients were obtained, such as baseline demographic and clinical characteristics, laboratory data and angiographic characteristics. Serum samples were collected for measuring levels of NGAL and FGF23 before and 0, 1, and 2 days after PCI. Serum NGAL was evaluated by automatic analyzer using immunoturbidimetry (PIEN TZE HUANG, China). Serum FGF23 was measured by intact FGF23 ELISA (R&D, America). CIN is defined as the increment in SCr concentration >0.5 mg/dL or a minimum of 25% increase from baseline within 72 h after contrast administration in the light of European Society of Urogenital Radiology (ESUR) definition [14] . However, other causes induced AKI should be excluded. Based on the definition of CIN, all patients were classified into two groups, namely, CIN group and non-CIN group.
Statistical analysis
Statistical analysis was carried out using the SPSS statistical package, version 20.0 (SPSS Inc, Chicago, IL). For the continuous variables, they were expressed as mean ± SD or median and interquartile range. If the variables were consistent with normal distribution, the differences of means were compared using unpaired t test. Otherwise, the comparison was analyzed by Mann-Whitney U test and Friedman M test. With respect to categorical variables, they are presented as counts and percentages, and the differences between two groups were compared by means of chi-square test. Receiver-operating characteristic (ROC) analysis was conducted to determine the cutoff value of serum NGAL and FGF23 in early diagnosis of CIN. And Spearman rank correlation test was used to correlate SCr, eGFR with NGAL, and FGF23, respectively. Logistic prediction models were established in StataSE 14 by a series of clinical parameters. Under the process of statistical analysis, Two-tailed values of p < .05 were regarded as statistically significant.
Results
Baseline clinical characteristics
In total 202 CHD patients with a mean age of 59.95 ± 10.56 were included, of which 165 patients (81.68%) were male. 30 (14.85%) patients developed CIN, but none of them received hemodialysis during hospitalization. The characteristics between CIN group and non-CIN group were compared which specific comparison results were listed in Tables 1-3 . It could be seen that ratio of diabetes mellitus (DM), CKD and preadmission administration of statins were significantly higher in patients who developed CIN after PCI. Patients had higher systolic blood pressure (SBP) and accepted greater volume of contrast in CIN group.
Changes in SCr, eGFR, serum NGAL, and FGF23
The levels of SCr, eGFR, serum NGAL, and serum FGF23 at various time points were listed in Table 4 . Compared vertically, SCr and eGFR significantly increased after 2 days in two groups (p < .01). Although both serum NGAL and serum FGF23 reached peak 1 day after PCI. In CIN group, it appeared a remarkable rise in serum NGAL after 1 and 2 days and in serum FGF23 1 and 2 days after PCI (p < .01) comparing with the baseline values. Although the same trend was also displayed in non-CIN group (1 day after PCI, p < .01), the range was much smaller. Compared horizontally, the differences in SCr and eGFR between these two groups were distinct at 2 and 3 days after PCI (p < .01), and the differences in serum NGAL levels were significant after 1 and 2 days (p < .01). However, serum FGF23 in CIN group was prominently higher only 1 day after PCI in comparison to non-CIN group (p < .01).
Significance of serum NGAL and FGF23 in early diagnosis of CIN
To evaluate the diagnostic performance of serum NGAL and FGF23 for detecting CIN, the increment percentage of these two markers between 1 day after PCI and baseline was used to plot ROC curve (shown in Figure 1 (A) and Table 5 ). The area under the curve (AUC) of relative values in serum NGAL was 0.899 (95% CI: 0.834-0.964, p ¼ .000), and the optimum cutoff was 49% (sensitivity ¼ 80.0%, specificity ¼ 92.4%). The AUC in serum FGF23 was 0.814 (95% CI: 0.733-0.894, p ¼ .000); the optimum cutoff was 20% (sensitivity ¼ 73.3%, specificity ¼ 87.6%). Similarly, Figure 1 (B) revealed significance of absolute values 1 day after PCI for CIN diagnosis.
Correlation between SCr, eGFR, and serum NGAL, serum FGF23
The correlation between SCr, eGFR, and serum NGAL, serum FGF23 were shown in Figure 2 . We can see that serum NGAL was positively correlated with SCr Definitions: Current smokers were those who smoke daily at the last 6 months. Hypertension was defined as systolic blood pressure !140 mmHg and/or diastolic blood pressure !90 mmHg, at least two measurements, or the use of antihypertensive drugs. DM was defined as fasting blood glucose !7.0 mmol/L, or random blood glucose !11.1 mmol/L, at least two measurements, or the use of antidiabetes drugs. CKD was defined as eGFR <60 mL/min or abnormal urine elements more than 3 months. Bold number p < .05.
(r ¼ 0.389, p < .001), and was negatively correlated with eGFR (r ¼ -0.254, p < .001). Although the data in Figure  2 (C,D) is relatively fragment which explains that there was no evident correlation between serum FGF23 and SCr, eGFR. The same procedure was also performed in 17 CKD patients no significant correlations were presented as well.
Logistic prediction models for CIN
Based on the foregoing univariate logistic regression analysis, the variable DM, CKD, SBP, and statins were greatly associated with CIN. To explore better ways of CIN recognition, various logistic prediction models were further built where took DM, CKD, SBP, and statins as four constant independent variable and serum NGAL and serum FGF23 were considered as optional variable. According to above principle, seven clinical models were established by StataSE 14. The components of each model were shown in Table 6 and the corresponding AUC curves were shown in Figure 3 . Among seven models, Model G was taken as a compared model which just covered DM, CKD, SBP, and statins. As statistics go, the AUC of Model G was 0.758 and its good- 
Discussion
With the general application of coronary angiography and coronary interventional treatment, CIN, which is a potential complication, should not be neglected. Previous studies have reported that the risk of CIN in patients with normal renal function is low (1-2%) [15] . However, the incidence may be as high as 25% in patients with preexisting renal impairment or with Definition: Gensini score is a scoring system for determining the severity of CHD, which depends on the degree of luminal narrowing and the geographical importance of its location. Bold number p < .05. combination of certain risk factors, such as CKD, DM, advanced age, and nephrotoxic drugs [16] . CIN after PCI portends a very high risk of death, both in hospital and in the long run [17] . Therefore, early diagnosis and treatment of CIN should be placed as number-one priority. SCr serves as the monitoring marker to detect CIN in current guidelines [18] . Nevertheless, SCr is unable to reflect kidney injury without delay. Thus, this is a major finding that both serum NGAL and FGF23 change prior to SCr in patients developed CIN.
According to recent studies, NGAL is seen as a promising new biomarker for AKI [4] . Serum NGAL rose as early as 2 h after contrast exposure, and it reached peak at 24 h after PCI [6] . Two meta-analyses, in 2009 [19] and 2015 [20] , all revealed that serum NGAL worked well in early diagnosis of CIN. Considering their findings, the study payed more attention to serum levels of NGAL 1 day after PCI. Results demonstrated that the serum NGAL levels significantly increased after 1 day ahead of SCr. Furthermore, if increment percentage between 1 day after PCI and baseline was over 49%, serum NGAL had high sensitivity and specificity in CIN diagnosis, absolute values of serum NGAL after 1 day were good predictors for CIN as well. In contrast, relative values were superior to absolute values in detecting CIN at the time of 1 day after PCI. This superiority is more likely due to inapparent differences of serum NGAL between CIN group and non-CIN group at baseline and their minor changes after procedure. NGAL expressed boost in AKI plays a critical role in reducing renal tubular epithelial cell apoptosis by inhibiting the activation of caspase-3 [21, 22] . The study also proved that serum NGAL inversely correlated with eGFR. So NGAL will be a new biomarker for early identifying CIN.
In terms of FGF23, it is well known that FGF23 acts as a hormone which regulates calcium and phosphorus metabolism [23] . What's more, it also independently associates with left ventricular hypertrophy in individuals with CKD [24] . Recently, a number of researchers demonstrated that serum FGF23 rose clearly in patients who developed AKI. Survey conducted by Christov [12] showed that there was a rapid, early increase in serum FGF23 levels in animal models with toxin-induced AKI. FGF23 levels were also observed 15.9-fold increase at 24-h postoperatively in humans with AKI following cardiac surgery. In this study, it was the first time to detect FGF23 in CIN setting, serum FGF23 levels reached peak 1 day after PCI, but it was only slightly increase, which was different from previous reports. Two reasons may explain this phenomenon. One is that the setting in which AKI occurs has impact on serum FGF23 levels; the other is that the maximum value of FGF23 is observed in other time points within 1 day. Further researches should be conducted to explore this question. As shown in Table 5 , relative values of serum FGF23 played some roles in CIN diagnosis, while [25] , and other study in 19 children discovered that relative risk of developing AKI was 2.0 when preoperative FGF23 level was >86 RU/mL (p ¼ .033) [26] .
The logistic prediction models in our study also revealed that serum FGF23 detection after 1 day could improve the efficiency in early CIN diagnosis. Efforts to change the clinical course of CIN have substantially failed because there are no effective therapies currently [27] . In this case, we have no choice but to prevent. So, it is necessary for clinical staff to evaluate the risk of CIN before contrast administration. Clinical models with serum NGAL and serum FGF23 showed high discrimination and calibration; therefore, our study suggested both serum NGAL and serum FGF23 could optimize the clinical models in early identifying CIN.
Limitations
The study had only been conducted in one hospital, further study of larger population and multi-center need to be performed to validate the results. In addition, time points after PCI when serum was collected were too few to reflect the accurate changing trends of biomarkers. The study referred to patients with normal or moderately depressed kidney function, which may explain the phenomenon that serum levels of both NGAL and FGF23 were lower than other studies before. ESUR definition of CIN has lower threshold than those used in the risk, injury, failure, loss and end-stage kidney disease (RIFLE) criteria or the KDIGO definition. Thus it is susceptible to indicate CIN and bears the risk of overestimation in our study, which may have negative impact on evaluating the diagnostic efficient of serum NGAL and FGF23. Finally, CKD patients made up a very small proportion, thus it was not easy to explore the two markers in subjects with CKD or not.
Conclusions
Consequently, serum levels of NGAL and FGF23 in CIN patients change significantly prior to the variation of SCr. They may have certain value in early diagnosis of CIN. Among these two markers, NGAL is better. Besides, clinical model including DM, CKD, SBP, increment percentage of serum NGAL, and serum FGF23 after 1 day may work well in early diagnosis of CIN.
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